Introduction
New deep ice cores from Greenland (i.e., those of the Greenland Ice Sheet Project II, or GISP2, and the Greenland Ice Core Project, or GRIP) reveal large changes in accumulation, oxygen isotope ratios, and dust concentrations over years to decades during the last glacial period in marked contrast to the "much less variable" Holocene [Alley et al., 1993; Johnsen et al., 1992; Taylor et al., 1993]. Fundamental to understanding these results is an appreciation of the large temporal snowfall variations that occur presently and why these take place. Understanding recent precipitation variations is also relevant to the question of global sea level change, as the Greenland Ice Sheet contains the global sea level equivalent of roughly 6 m and the mean annual precipitati9n amount over the ice sheet is equivalent to 1.4 mm yr 'x of sea level decrease. At present interannual variations of areally-averaged precipitation over the polar ice sheets can only be found by indirect methods. Direct precipitation determinations are inaccurate due to probIems inherent in the measurement of snowfall [Sevmk, 1993] ; by contrast, glaciological accumulation measurements (via ice cores or snow pits) are reliable, but their limited spatial and temporal coverage restricts their application in this context to constructing approximate time mean distributions of accumulation (e.g., Ohmura and Reeh [1991] 
Methods and Data
The atmospheric water budget can be expressed as
q-E ): -(v-iJ ) -( ow )
where the angle brackets represent spatial averaging, the overbars temporal averaging (monthly in this study), P precipitation, and E evaporation. Q represents the vertically-integrated horizontal moisture transport (qV, where q is specific humidi_ty and V is the horizontal vector) above a certain po'mt on the Earth's surface, and W is the vertically-integrated specific humidity (i.e., precipitable water). Equation (1) neglects the contribution of condensed water (as droplets or ice crystals), which is likely negligible i n comparison to that of water vapor over periods of one month or more [Peixoto, 1973] . Similarly, for the monthly and annual periods considered here the second term on the right hand side of (1) was found to be very small in comparison to the flux divergence term (~1%), and was therefore ignored.
The time mean moisture flux may be expanded into the flux resulting from the time mean x•4nd plus a transient eddy flux associated with the time covariance between the specific humidity and the wind. This is expressed as q-V: ]7+q/V
Applying this formulation to (1) allows the moisture convergence resulting from the time mean wind and the transient eddies to be evaluated separately.
The basic data are temperature, aewpohit temperature, an d wind speed and direction measured by t/rice-daily radiosonde launches from eight stations surrounding the Greenland Ice Sheet (Fig. 1) . Individual soundings consist of data at both "mandatory" (i.e., surface, 1000 showed a trend towards-higher values. These were not due to an•, sensor changes, but to a greater number of missing ooservations early in the period (Fig. 3 ). An examination of synoptic atmospheric analyses in the Greenland area for day s of missing and non-missing radiosonde data revealed that missing radiosonde data Annual convergences, induding those due to the mean and eddy_ transports, for 1980-89 are shown in Fig. 4 along with the modeled precipitation from Bromwich el al. [1993] . Although the interannual variations of the total convergence more closely parallel the mean component, the eddy transports are responsible for nearly all of Greenland's moisture convergence. These eddy transports are associated with transient synoptic-scale storm systems. Figure 5 shows the seasonal fide of mean monthly convergences and modeled precipitation over the 1980-89 period. Again, nearly all the precipitation is due to the eddy transports. There is a •lear late summer maximum. The convergence results for September are questionable, however, in view of its anomalous mean divergence. The source of this discrepancy was traced to a relative September minimum in the usually large mean moisture inflow at Angmagssa_llk (Fig. 1) , evident throughout the 1980-89 ............ • ....................... •..:.Z..Z,..h..,.X, ............. 'i .................. • ................... • ................. f ........... 
Conclusions
The results of this study are further evidence that the moisture budget method of estimating precipitation can be reliably applied in the polar regions. However, the results also emphasize the critical need for understanding the biases whi/:h may result from missing data. In the present case, it is likely that the radiosonde observations at two crucial stations (at least) were biased against large moisture inflow events to such a large extent that a vast Underestimate of convergence resulted.
Thus it appears, at least for Greenland, that adequate temporal sampling of the moisture transport events may be a more important data quality consideration than the commonly referred to difficulties in measuring atmospheric humidity at low air temperatures (e.g., of Greenland, where precipitable water and normal moisture transports are smallest (Fig. 1) .
These moisture convergence results provide strong additional confirmation of the precipitation model results of Bromwich et al. [1993] . Although the key f'mding from that paper (a roughly 15% decrease in precipitation over 1963-89-) could not be directly confirmed here, the ma_gnitudes and interannual variability of the two methods matched very well over the available period, and discrepancies over 1973-79 were linked to a deficiency in the observational data. These two approaches to estimating precipitation are almost entirely computationally independent. Though both ultimately depend on the same radiosonde launches, the precipitation model was basedprimarily on the advection of relative vorticity calculated from 500-hPa geopotential heights, while the moisture convergences are based on radiosonde-measured wind, moisture, and temperature.
Consequently, the degree of agreement in the results is especially noteworthy. These results also_confirm the conceptual approach of Bromwich et al. [1993] . The model was designed to attribute the majority of Greenland precipitation to transient synoptic-scale storm systems, and hi the present results the convergence resulting from the eddy transports of moisture overwhelmingly dominates the total convergence.
